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(54) Copper alloys for chip and package interconnections and method of making 



(57) Copper alloys containing between 0.01 and 10 
weight percent of at least one alloying element selected 
from carbon, indium and tin for improved electromigra- 
tion resistance, low resistivity and good corrosion resist- 
ance that can be used in chip and package 
interconnections and a method of making such inter- 



connections and conductors by first forming the copper 
alloy and then annealing it to cause the diffusion of the 
alloying element toward the grain boundaries between 
the grains in the alloy are disclosed. 
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Description 

FIELD OF THE INVENTION 

The present invention generally relates to copper s 
alloys for chip and package interconnections and a 
method of making the same and more particularly, 
relates to copper alloys containing between 0.01*10 wt 
% of at least one alloying element selected from the 
group consisting of carbon, indium and tin for improved 10 
electromigration resistance, low resistivity and good 
corrosion resistance and a method of making such 
alloys. 

BACKGROUND OF THE INVENTION 75 

The technology of making interconnections for pro- 
viding vias. lines and other recesses in semiconductor 
chip structures, flat panel displays, and package appli- 
cations has been developed for many years. For 20 
instance, in developing interconnection technology for 
very-large-scale-integrated (VLSI) structures, aluminum 
has been utilized as the primary metal source for con- 
tacts and interconnects in semiconductor regions or 
devices located on a single substrate. Aluminum has 25 
been the material of choice because of its low cost, 
good ohmic contact and high conductivity. However, 
pure aluminum thin-film conductors have undesirable 
properties- such as a low melting point which limits its 
use to low temperature processing, possible diffusion 30 
into the silicon during annealing which leads to contact 
and junction failure, and electromigration. Conse-' 
quently, a number of aluminum alloys have been devel- 
oped which provided advantages over pure aluminum. 
For instance, U.S. Pat. No. 4,566,177 discloses a con- 35 
ductive layer of an alloy of aluminum containing up to 
3% by weight of silicon, copper, nickel, chromium and 
manganese was developed to improve electromigration 
resistance. U.S. Pat. No. 3,631 .304 discloses aluminum 
alloys with aluminum oxide which were also used to 40 
improve electromigration resistance. 

More recently developed VLSI and ULSI technol- 
ogy has placed more stringent demands on the wiring 
requirements due to the extremely high circuit densities 
and faster operating speeds required of such devices. 45 
This leads to higher current densities in increasingly 
smaller conductor lines. As a result, higher conductance 
wiring is desired which requires either larger cross-sec- 
tion wires for aluminum alloy conductors or a different 
wiring material that has a higher conductance. The obvi- so 
ous choice in the industry is to develop the latter using 
pure copper based on its desirable high conductivity. 

In the formation of VLSI and ULSI interconnection 
structures such as vias and lines, copper is deposited 
into a line, via or other recesses to interconnect semi- 55 
conductor regions or devices located on the same sub- 
strate. Copper is known to have problems at 
semiconductor device junctions due to its low electromi- 
gration resistance. The electromigration phenomenon 



occurs when the superposition of an electric field onto 
random thermal diffusion in a metallic solid causes a net 
drift of ions in the direction of the electron flow. Any dif- 
fusion of copper ions into the silicon substrate can 
cause device failure. In addition, pure copper does not 
adhere well to oxygen containing dielectrics such as sil- 
icon dioxide and polyimide. 

U.S. Pat. No. 5,130,274, assigned to the common 
assignee of the present invention, discloses the use of a 
copper alloy containing an alloying element of less than 
2 atomic percent by first depositing an alloy into the 
recess of a interconnection structure and then forming a 
copper alloy plug and a thin layer of an oxide of the 
alloying element on the exposed surface of the plug. 
However, the technique stitl does not satisfy the more 
stringent requirements in ULSI structures where critical 
dimensions of less than 0.5 Jim place a considerable 
burden on thin film chip interconnections. The use of 
standard Al (Cu) alloy and a silicon dioxide dielectric in 
a deep-submicron logic circuit wiring structure results in 
a large circuit delay caused mainly by the wiring con- 
nections. 

The use of Cu as an alternative material to Al (Cu) 
in ULSI wiring structures to increase the chip speed has 
been attempted by others. However, numerous prob- 
lems are incurred in Cu interconnections such as the 
tendency of Cu to corrode and the fast diffusion rates of 
copper in thin films. It is known that pure Cu has a 
smaller electromigration activation energy, i.e., 0.5^0.75 
eV, than that in Al (Cu) of 0.8~0.9 eV. This implies that 
the advantage of using Cu tor reducing interconnection 
electromigration failure at chip operating conditions is 
largely compromised. 

Other workers have attempted to use copper alloys 
in providing enhanced electromigration resistance. For 
instance, U.S. Pat No. 5,023.698 teaches copper alloys 
containing at least one alloying element selected from 
the group of Al. Be. Cr, Fe. Mg, Ni, Si. Sn and Zn. U.S. 
Pat. No. 5.077.005 teaches copper alloys containing at 
least one member selected from In, Cd, Sb, Bi. Ti, Ag, 
Sn, Pb, Zr and Hf where the weight percent of the alloy- 
ing element used is between 0.0003 to 0.01. The cop- 
per alloys are used in TAB processes and as print circuit 
board members. U.S. Pat. No. 5,004,520 also teaches 
copper foil for film carrier application containing at least 
one alloying element selected from P, Al, Cd, Fe. Mg, Ni, 
Sn, Ag, Hf. Zn. B, As. Co. In, Mn. Si. Te, Cr and Zn with 
the alloying element concentrations from 0.03 to 0.5 
weight percent. The alloys are used as connecting 
leads in integrated circuit chip mounting. Furthermore, 
U.S. Pat. No. 4,749.548 teaches copper alloys contain- 
ing at least one alloying element selected from Cr, Zr, Li, 
P. Mg. Si, Al, Zn, Mn. Ni, Sn. Ti, Be. Fe, Co, Y, Ce, La, 
Nb, W, V, Ta, B, Hf. Mo and C. The alloying elements are 
used to increase the strength of the copper alloy. U.S. 
Patent No. 1.960,740 further teaches a copper-indium 
alloy which contains indium between 10% to 50% in 
order to increase the copper hardness and the corro- 
sion resistance. U.S. Pat. No. 5,243.222 and 5.130.274 
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teach copper alloys for improved adhesion and forma- 
tion of diffusion barriers. However, none of these prior 
work teaches copper alloys that are suitable in VLSI and 
ULSI on-chip or off-chip wiring interconnections that 
has high electromigration resistance, low resistivity and 
high corrosion resistance. Furthermore, none of these 
prior work recognized the structural requirement on a 
microstructure level for improving electromigration 
resistance and consequently, none of the prior work has 
taught the microstructure necessary in a copper alloy in 
order to achieve the desirable properties. 

It is therefore an object of the present invention to 
provide copper alloys containing at least one alloying 
element that can be suitably used in chip and package 
interconnections. 

It is another object of the present invention to pro- 
vide copper alloys containing at least one alloying ele- 
ment for chip and package interconnections that is 
particularly suitable for VLSI and ULSI applications. 

It is a further object of the present invention to pro- 
vide copper alloys that contain at least one alloying ele- 
ment for chip and package interconnections that have 
improved electromigration resistance, low resistivity and 
high corrosion resistance. 

It is another further object of the present invention 
to provide copper alloys containing at least one alloying 
element for use in chip and package interconnections 
that contain about 0.01*10 weight percent of the alloy- 
ing element. 

It is still another object of the present invention to 
provide copper alloys that contain at least one alloying 
element for chip and package interconnections that can 
be easily processed by various metal deposition tech- 
niques used in the semiconductor industry. 

It is yet another object of the present invention to 
provide copper alloys that contain at least one alloying 
element for use in both on-chip and off-chip intercon- 
nection applications. 

It is still another further object of the present inven- 
tion to provide copper alloys that contain at least one 
alloying element for chip and package interconnections 
that forms microstructures having the at least one alloy- 
ing element saturated at the grain boundaries. 

It is yet another further object of the present inven- 
tion to provide copper alloys containing at least one 
alloying element selected from indium, tin and carbon 
for use in chip and package interconnections that form 
microstructures wherein the concentration of the at 
least one alloying element at or near the grain bounda- 
ries is at least 1 20% that at areas not substantially near 
the grain boundaries. 

It is still another further object of the present inven- 
tion to provide conductors formed of copper alloys con- 
taining at least one alloying element for use in chip and 
package interconnections wherein the conductor can 
withstand a current density of at least 10 5 Amp/cm 2 . 



SUMMARY OF THE INVENTION 

In accordance with the present invention, copper 
alloys having at least one alloying element selected 

s from the group of indium, tin and carbon for use in chip 
and package interconnections are provided. The copper 
alloys have greatly improved electromigration resist- 
ance, low resistivity and high corrosion resistance. 
In a preferred embodiment, copper alloys contain- 

w ing between 0.01*10 weight percent of at least one 
alloying element selected from the group of carbon, 
indium and tin are provided. A more preferred range of 
the alloying element is between 0.5*2 weight percent. 
The alloying element is concentrated at the copper grain 

75 boundaries after a thermal annealing step which is part 
of the chip fabrication process. It was discovered that 
the concentration of an alloying element at or near a 
grain boundary area is at least 120% that at areas of the 
grain away from the boundaries. The migriation rate of 

20 copper in a copper alloy interconnect is drastically 
reduced due to a Cu/solute (i.e., Cu/Sn, Cu/ln, Cu/C) 
interaction at the copper surfaces, interfaces between 
copper and the surrounding layer (i.e., Cu/Ta. Cu/Si 3 N 4 ) 
and grain boundaries. This resulted in an enhanced 

25 electromigration resistance so that stress induced void- 
ing and hillocking are prevented and the oxidation rate 
in the copper interconnects is reduced. Chip and pack- 
age interconnections made of the present invention 
copper alloys can withstand a high current density of at 

30 least 10 s Amp/Cm 2 due to its high electromigration 
resistance. 

The present invention is also directed to intercon- 
nection structures made of Cu alloys for providing elec- 
trical connections in an integrated circuit chip and 

35 package, and conductors of Cu alloys for interconnect- 
ing a multilevel semiconductor structure through vias 
and fines situated thereinbetween. 

The present invention is further directed to a 
method of forming a conductor for interconnecting a 

40 multilevel semiconductor structure through vias and 
lines situated thereinbetween by first forming a conduc- 
tor of copper alloy containing at least one alloying ele- 
ment selected from carbon, tin and indium, and then 
heating the conductor at a temperature and for a length 

45 of time that is sufficient to cause a thermally induced dif- 
fusion process of the alloying element to move toward 
the grain boundaries such that a saturation of the alloy- 
ing element is formed at the boundaries. 

The present invention is further directed to a 

so method of reducing electromigration in copper by first 
depositing a layer of copper and a layer of an alloying 
element of carbon, tin or indium juxtaposed to each 
other, and then heating the layers together at a temper- 
ature sufficient to cause the formation of a solid solution 

55 of copper alloy containing at least 90 weight percent 
copper. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features and advantages of the 
present invention will become apparent upon consider- 
ation of the specification and the appendant drawings, s 
in which: 

Figure 1 is a schematic of an enlarged cross-sec- 
tional view of a semiconductor structure utilizing an 
embodiment of the present invention. 10 

Figures 2 through 5 are enlarged cross-sectional 
views showing the processing steps required for 
forming the structure of Figure 1 . 

75 

Figures 6 through 9 are enlarged cross-sectional 
views showing the processing steps for a semicon- 
ductor structure utilizing a copper etching method. 

Figure 10 is an enlarged cross-sectional view of 20 
another semiconductor structure utilizing the 
present invention copper alloys. 

Figure 11 is a graph showing the line resistance 
change as a function of electromigration stress time 25 
for different copper alloys of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT * 

30 

The present invention provides copper alloys con- 
taining at least one alloying element selected from the 
group of indium, tin and carbon for use in chip and pack- 
age interconnections that provides improved electromi- 
gration resistance, low resistivity and improved 35 
corrosion resistance. The present invention copper 
alloys are particularly useful in advanced semiconduc- 
tor structures such as VLSI and ULSI structures. 

A copper alloy interconnect structure according to 
the present invention can be started with a first copper 40 
alloy conductor line that has a good diffusion barrier 
layer directly connected to a silicon device contact holes 
or through a Ti/N or a CVD W contact plug. Referring 
initially to Figure 1, where it is shown a schematic of a 
cross-section of interconnections made of the present 45 
invention copper alloys. The structure is formed by vari- 
ous processing steps shown in Figures 2 through 5 of a 
first method for fabricating a copper wiring structure by 
a "Damascene" or "Dual Damascene" process. The 
copper alloys used contain at least one alloying element so 
selected from the group of carbon, indium and tin at a 
concentration of between about 0.01 to about 10 weight 
percent. A preferred concentration of the alloying ele- 
ment is between about 0.5 to about 2 weight percent. 

Referring now to Figures 2*5 where a process 55 
sequence for a copper interconnection structure is 
shown. A typical Damascene level is first fabricated by 
the deposition of a planar dielectric stack 10 as shown 
in Figure 2. The dielectric stack 10 is then patterned and 



etched using standard lithographic and dry etch tech- 
niques to produce a desired wiring or via pattern. The 
process is then followed by a metal deposition of the Ta- 
Cu alloy metallurgy as shown in Figure 3. The bottom 
nitride layer 22 is used as a diffusion barrier which is 
deposited on top of device 24 to protect against copper 
diffusion. The top nitride layer 24 is deposited as an 
etch mask to define a desired pattern, and then a 
recess for an interconnect is etched by a fluorine based 
plasma into the polymer layer. Several metal deposition 
techniques have been successfully used for filling the 
trench or via, for instance, a collimated spattering proc- 
ess, an ion cluster beam process, an electron cyclotron 
resonance process, a chemical vapor deposition proc- 
ess, an electroless plating process and an electrolytic 
plating process. It should be noted that co-deposition 
methods, in which Cu and an alloying element are co- 
deposited, can also be used in forming the present 
invention Cu alloys. For instance, these methods 
include co-sputtering, co-chemical vapor deposition and 
co-evaporation. 

Generally, after a deposition process is completed, 
a chemical mechanical polishing method is used to 
remove the field metal layer leaving a planarized wiring 
and via imbedded in an insulator layer. The mask is then 
etched away by oxygen and stopped by a thin layer of 
nitride resist. The polymer layer can be replaced by any 
other insulating materials, such as a diamond-like car- 
bon film. Figures 4 and 5 show subsequent processing 
steps wherein a Ta layer is deposited as an adhesion 
layer by a sputtering or collimated sputtering process. 
The final nitride layer 32 deposited, as shown in Figure 
6, functions as a passivation layer to protect the finished 
device from the environment. 

During the fabrication process of a chip, the gradu- 
ally built-up structure must be annealed or heat treated 
many times throughout the process in order to relieve 
the otherwise built-in stresses in various layers. The 
annealing temperature used is typically in the range of 
150"450°C, while a more preferred annealing tempera- 
ture range is 300*400°C. At such high temperatures, 
the solute in the Cu alleys (i.e. Sn, In or C) diffuses to 
and concentrates at the Cu interlaces and the grain 
boundaries of Cu alloy grains. For instance, it has been 
found that in Cu(Sn) alloys containing 1*2 weight per- 
cent Sn, the grain boundaries are saturated with Sn 
ions. When the amount of Sn in the Cu alloy is 
increased to 5 weight percent, the amount of Sn found 
at the grain boundaries is similar to that found when 
only 1 "2 weight percent of Sn is present The additional 
Sn is held inside the grains in a reservoir to replenish Sn 
that is depleted at the grain boundaries. Based on the 
phase diagram of Sn, it is anticipated that the improve- 
ment in electromigration resistance can be realized at 
Sn concentrations up to about 10 weight percent, even 
though the resistivity of the Cu alloy may be compro- 
mised to some extent. The concentration of solute ions 
effectively blocks any diffusion or electromigration of Cu 
ions across such interfaces or boundaries. The blocking 
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of diffusion is effective even at large current flows. The 
electromigration resistance of the Cu alloy is therefore 
substantially improved. The subsequent levels shown in 
Figure 1 are then fabricated by repeating the application 
of this process. s 

In the Damascene process, all wiring levels are pla- 
nar at each level which typically results in an enhanced 
wafer yield when compared to the yield on a non-planar 
structure. A variety of dielectric materials of suitable die- 
lectric constant can be used for the process, these to 
include Si0 2 , polymers, diamond-like carbon, flowable 
silicon oxide, spin-on class, etc. 

Other techniques utilizing the present invention Cu 
alloys are the dry etching and lift-off process. In the dry 
etching technique, reactive ion etching (RIE) and ion 15. 
milling have been shown to work satisfactorily in pat- 
terning Cu lines. After device fabrication in metal silicide 
and Ti/TiN/CVD W contact stud formation, a sequential 
Ta/Cu alloy/Ta trilayer is deposited. 

Figures 7" 10 show the dry etching and lift-off 20 
processing sequence that utilizes the present invention 
Cu alloy. As shown in Figure 7, a thin bottom layer 42 of 
Ta is first deposited as an adhesion/diffusion barrier 
layer and an etch stop. A top Ta layer 44 is then used as 
a durable mask and a passivation layer for Cu alloy. The 25 
Cu alloy lines are patterned by an ion beam etching 
technique or by a Cl 2 -based plasma. When a lift-off 
process is used, a negative image of the metal line is 
patterned in the resist and then metal is evaporated into 
the opening of the resist. The metal on the resist is 30 
lifted-off when the resist is submerged in a resist solvent 
leaving the desired metal lines on the substrate. After 
the Cu lines are delineated, a thin dielectric sidewall 
spacer 46 of barrier material such as Si 3 N 4 is deposited 
to prevent any possible reaction and intermixing 35 
between Cu alloy and the interlevel insulating material. 
This is shown in Figure 8. A fully encapsulated Cu alloy 
line is obtained from this sequence of processing steps. 
Figure 9 shows the deposition of a dielectric material 
and a subsequent interlayer planarization which can be 40 
achieved in a manner comparable to that used in the 
existing Al interconnection processing sequence. 

One of the benefits of using a dry etching or a lift-off 
process tor Cu alloy interconnections is that the 
processing steps are compatible with standard VLSI 45 
processing sequences with only minor modifications 
required. Another benefit of this processing approach is 
that Cu alloy metalization can be readily deposited by 
many techniques due to the fact that only blanket films 
are required. Figure 9 shows a multilevel tnterconnec- so 
tion structure built by this technique. A total of five layers 
of Cu alloy interconnections are shown. It is contem- 
plated that the present invention technology can be 
used to build at least a seven-layer structure. 

Figure 10 is a schematic showing another embodi- 55 
ment of Cu alloy interconnections constructed in 
accordance with the present invention. In this embodi- 
ment, it is seen that Cu alloy can be mixed with other 
AI(Cu) or W metal interconnects. Since Cu frequently 



cause corrosion problems, it may be beneficial to use Al 
for wire bonding to aluminum wires. It may also be desir- 
able to use Cu alloy at interconnect levels further away 
from a silicon device: It is known that migration of Cu 
ions into a silicon or silicide layer can cause contamina- 
tion and the subsequent poisoning of the device. This is 
shown in Figure 10 where the M, metal layer 52 is not 
constructed of Cu alloy but instead of W or AI(Cu). Cu 
alloy interconnects can therefore be mixed with other 
conductors at any level in a chip connection. For exam- 
ple, a multilevel Cu alloy interconnection can be com- 
bined with a W local interconnection which connects a 
device or can be connected to an Al alloy that has 
refractory metal underlayer lines at different levels. 

The use of Cu metallurgy in multilevel interconnec- 
tions raises other process concerns. For instance, Cu 
typically has poor adhesion to polyimide and Si0 2 . A 
good metal adhesion/diffusion barrier layer, i.e., a Ta 
layer, is therefore required to improve adhesion. Using a 
thermal stress cycle of 500°C for 4 hrs (in N 2 ambient), 
Ta was found a suitable conducting diffusion barrier and 
Si 3 N 4 (deposited by PECVD) an effective insulating bar- 
rier. The segregation of solute atoms of In, Sn, C at the 
Cu surface further enhances adhesion. 

It should be noted that while only on-chip wiring of 
interconnections such as vias and lines are shown in 
the above embodiments, the present invention Cu alloys 
can also be used in off-chip applications such as in wir- 
ing leads in tab automated bonding (TAB), ball grid 
array (BGA) and pin grid array (PGA) packages. The 
electromigration resistance of the wiring leads is greatly 
improved by utilizing present invention Cu alloys. 

Atomic transport constantly occurs in metal films, 
especially during annealing, which tends to homogenize 
the solid solution through a random walk process of 
atomic diffusion. Under the chip fabrication and opera- 
tion conditions, nonrandom (or directional) atomic 
motion is introduced by the application of external 
forces, such as thermally induced mechanical stress, 
applied voltage, current, thermal gradients, etc. Direc- 
tional atomic motion results in mass transport from one 
location to another, which gives rise to reliability prob- 
lems. The atomic flux under the external forces of elec- 
tromigration and stress induced voiding can be obtained 
using the atomic density and the Ernst-Einstein relation 
as follows: 

J^nfD^/k-OFj 

where n is the density of atoms able to diffuse with the 
effective diffusivity (D eff ) along a metal line; T is the 
absolute temperature, and k is the Boltzmann constant. 
The force Fj is given by z *eE for electromigration and 
A(60) for stress induced migration, respectively, and T 
is the effective charge number, E is the electric field 
(gradient of the electrical potential), 6 is stress and O is 
the atomic volume. 

The damage formation and the corrosion rate in - 
metal lines are controlled by the atomic flux. The force 
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terms in the equation are determined by the chip fabri- 
cation and operation conditions, the amount of atomic 
flux is therefore directly related to the atomic diffusion. 
The solute atoms, such as Sn, In, and C at a concentra- 
tion of between about 0.01 and about 10 wt. %, can 5 
greatly reduce the diffusivity of Cu at Cu interfaces, sur- 
faces and grain boundaries which result in reduced 
stress-induced migration, electromigration damage and 
corrosions. 

The present invention Cu alloys prolong the lifetime 10 
of IC chips. It is noted that the Cu lines are nominally 
heated to between 200 and 400°C during the VLSI 
processing steps. The heat treatments results in a 
higher concentration of solute at Cu grain boundaries 
and surfaces than inside the Cu grain. is 

Figure 1 1 shows the line resistance increase as a 
function of electromigration stress time for different Cu 
alloys. The sample tested were pure Cu, 
Cu(0.5wt.%Sn), Cu(1wt.%Sn) and Cu(1wt.%ln). As 
seen in Figure 1 1 , the Cu alloy with 1% in has the best 20 
electromigration resistance among the samples tested. 
The resistivity of the samples are shown in Table 1. 



Table 1 



Composition 


cm) 


Cu- 


1.9 


Cu(0.5wt%ln) 


2.6 


Cu(1wt.% In) 


2.9 


Cu(2wt.% In) 


3.2 


Cu(0.5wt.%Sn) 


2.6 


Cu(1wt.%Sn) 


3.1 


Cu(2wt.%Sn) 


4.4 


Cu(0.2wt.%C) 


1.9 



It has been found that for present invention Cu 
alloys, a suitable range of C to be used is in between 
about 0.01 and about 10 weight percent, while a pre- 45 
f erred range is between about 0.01 and 2 weight per- 
cent. A suitable range of Sn to be used is in between 
0.01 and about 10 weight percent, while a preferred 
range is between about 0.55 and about 10 weight per- 
cent. A suitable range of In to be used is in between so 
about 0.01 and about 10 weight percent, while a pre- 
ferred range is between about 0.01 and about 2 weight 
percent. 

The result shows that the resistance change rate 
related to Cu drift velocity (D efl /kT)2*eE is drastically ss 
reduced by incorporating solutes of C, Sn and In in Cu. 
The result also shows that the diffusivity of Cu in the Cu 
alloy interconnects is greatly reduced due to Cu-solute 
interactions. It should be noted that even though only 



those alloys having low concentrations of the alloying 
element are shown in Table 1 , other Cu alloys that con- 
tain high concentrations of alloying element have been 
formed and tested. Cu alloys contain up to 10 weight 
percent of alloying element have been tested and found 
having excellent electromigration resistance. However, 
at higher alloying element concentrations, the electromi- 
gration resistance is gained at the sacrifice of resistivity. 
A good compromise of all properties in the Cu alloy 
interconnects may be obtained at an optimum concen- 
tration level of the alloying element at less than 10 
weight percent. 

While the present invention has been described in 
an illustrative manner, it should be understood that the 
terminology used is intended to be in a nature of words 
of description rather than of limitation. 

Furthermore, while the present invention has been 
described in terms of a preferred and several alternate 
embodiments thereof, it is to be appreciated that those 
skilled in the art will ratherly apply these teachings to 
other possible variations of the invention. For instance, 
more than one alloying element can be used in Cu alloy 
compositions to obtain the same desirable properties of 
improved electromigration resistance, low resistivity and 
good corrosion resistance. The present invention Cu 
alloys may also be formed by depositing layers of Cu 
and alloying element together and then annealing at a 
suitable temperature such that a solid solution of the Cu 
alloy is formed at the interface of the layers that contains 
up to 90 weight percent Cu. 

Claims 

1. An interconnection structure for providing electrical 
connections comprising copper and between about 
0.01 and about 10 weight percent of at least one 
alloying element selected from the group consisting 
of carbon, tin and indium. 

2. An interconnection structure according to claim 1, 
wherein said structure further comprises a multi- 
plicity of grains separated by grain boundaries 
wherein each of said grains having a concentration 
of said at least one alloying element at or near said 
grain boundaries at least 120% that at locations 
inside the grains which are situated substantially 
away from the grain boundaries. 

3. An interconnection structure according to claim 1 , 
wherein said structure is used either on-chip or off- 
chip. 

4. An interconnection structure according to claim 1, 
wherein said structure is a member selected from 
the group consisting of a via, a line, a stud, and a 
wiring lead for TAB, BGA or PGA. 

5. An interconnection structure according to claim 1, 
wherein said at least one alloying element is carbon 
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at a concentration of between about 0.01 and about 
10 weight percent, preferably of between about 
0.01 and about 2 weight percent. 

6. An interconnection structure according to claim 1 . s 
wherein said at least one alloying element is tin at a 
concentration of between about 0.55 and about 10 
weight percent, and preferably at a concentration of 
between about 0.55 and about 2.55 weight percent. 

10 

7. An interconnection structure according to claim 1 , 
wherein said at least one alloying element is indium 
at a concentration of between about 0.01 and about 
10 weight percent, and preferably at a concentra- 
tion of between about 0.01 and about 2 weight per- is 
cent. 

8. An interconnection structure according to claim 1, 
wherein said structure is formed of a copper alloy 
having grain boundaries between the grains that 20 
are saturated with said at least one alloying ele- 
ment. 

9. An interconnection structure according to claim 1 , 
wherein said structure has improved electromigra- 25 
tion resistance, low resistivity and good corrosion 
resistance. 

10. An interconnection structure according to claim 1, 
wherein said structure further comprising a liner of 30 
adhesion/diffusion barrier layer made of a refrac- 
tory metal or its nitride. 

11. An interconnection structure according to claim 1, 
wherein said structure further comprises insulating 35 
layers of a dielectric material selected from the 
group consisting of silicon dioxide, silicon nitride, 
spin-on glass, f lowable oxides, diamond-like carbon 
and polymers. 

40 

12. An interconnection structure according to claim 1, 
wherein said copper alloy is deposited by a process 
selected from the group consisting of collimated 
sputtering, evaporation, ion cluster beam deposi- 
tion, electron cyclotron resonance deposition, ion- 45 
ized sputter deposition, chemical vapor deposition, 
electroless plating, electrolytic plating, co-evapora- 
tion, co-chemical vapor deposition and co-sputter- 
ing. 

50 

13. An interconnection structure according to claim 1, 
wherein said structure is a multilevel structure hav- 
ing between 3 and 7 levels. 

14. An interconnection structure according to claim 1, 55 
wherein said structure is built on a previously 
deposited layer of metal silicide. 

15. An interconnection structure according to daim 1, 



wherein said structure is built on a semiconductor 
device. 

16. An interconnection structure according to claim 1, 
wherein said structure is connected to metal silicide 
through contact holes by a Ti/TiN/CVD W stud. 

17. An interconnection structure according to claim 1 t 
wherein said structure is connected to another 
metal of W or Al (Cu). 

18. A conductor comprising an interconnection struc- 
ture according to any one of the preceidng claims 
such that the conductor is capable of sustaining a 
current flow of at least 10 5 Amp/cm 2 . 

19. A conductor according to claim 18, wherein said 
conductor is formed of a copper alloy having grain 
boundaries between the grains that are saturated 
with said at least one alloying element. 

20. A method of forming a conductor according to 
claims 18 or 19 comprising the steps of: 

forming a conductor by copper and at least one 
alloying element selected from the group con- 
sisting of carbon, tin and indium, said at least 
one alloying element account for between 
about 0.01 and about 10 weight percent of the 
total weight and is substantially uniformly dis- 
tributed in the grains and within the grain 
boundaries of the copper alloy, and 

heating said conductor at a temperature and 
for a length of time that is sufficient to cause a 
thermally induced diffusion process of said at 
least one alloying element to move toward said 
grain boundaries such that there is a saturation 
of said at least one alloying element at or near 
said grain boundaries. 

21. The method of claim 2, wherein said conductor is 
heated at a temperature of no less than 150°F to 
cause a diffusion process of said alloying element 
toward said grain boundaries such that the concen- 
tration of said alloying element at or near said grain 
boundaries is at least 120% that at areas not sub- 
stantially adjacent to said grain boundaries. 

22. A method for reducing electromigration in copper 
comprising the steps of: 

depositing a first layer of copper, 

depositing a second layer of a material 
selected from the group consisting of carbon, 
tin and indium over at least a portion of said 
first layer, and 
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annealing said layers at a temperature suffi- 
cient to form a solid solution of said two layers 
containing at least 90 weight percent copper. 

23. A method according to claim 22, wherein said tern- s 
perature for annealing is at least 150°C. 

24. An interconnection structure according to claim 1, 
wherein said structure is built on a display device. 

10 

25. A conductor according to claim 18, wherein said 
conductor is built on a display device. 
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